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The increasing use of hexamethylenamin for pathological conditions
has led to more systematic studies of its chemical and bactericidal
properties, and, as a result, recent literature abounds with papers on

the subject. Following the discovery by Nicolaier,1 in 1894, that
hexamethylenamin was broken down into formaldehyd in the urine,
this drug was used extensively in infections of the genito-urinary tract.
Up to 1902 the literature contained many papers on its use, a good
review of which may be found in the paper by Lubowski.2 For a few
years after 1902 very little new work was done on hexamethylenamin
as an antiseptic agent until 1908, when Crowe3 demonstrated its pres-
ence in body-fluids other than the urine. Since that time there has
been a revival of interest in this drug and its uses, and as a result it has
become more or less a panacea for many ills to which the body is heir.

The findings of several of the recent workers not being entirely in
harmony, and hexamethylenamin being used to a large extent in this
hospital, it was deemed of interest to learn from personal experience
in what conditions it is indicated. It was through the courtesy of the
attending physicians of this hospital that permission was granted to
use cases from their services and this opportunity is taken to thank
them for their kindness and advice. Thanks are also due to the
director of the laboratory for the use of laboratory records and
material.

As Nicolaier1 and others, Cammidge,4 Citron,5 Hanzlik and Collins,0
Hinman,8 Jordan,8 Sollmann,9 Talbot and Sisson,10 Smith,11 \rinde-

* Submitted for publication June 9, 1914.
* From the Mount Sinai Hospital, New York.
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LOUIS HENRY LEVY—ABRAHAM STRAUSS 731

vogel,12 have shown, the value of hexamethylenamin as a therapeutic
agent depends on its decomposition into formaldehyd in acid mediums.
That alkalies may also decompose hexamethylenamin into formaldehyd
has been mentioned by few, Reché,13 Jenness,14 Sollmann.9 This last
worker, however, states that hexamethylenamin is only very slightly
acted on by alkalies. From the nature of the chemical reaction this
does not seem possible.

The reaction illustrates a true reversible equation as follows :

(CH2) ON« + 6H20 <=* 4NH3 + 6CHO
Hexamethylenamin + water Ammonia + formaldehyd

Inasmuch as this is a true reversible equation, the law of mass

action would apply and the direction of the reaction would depend on

the proportion of the reagents used. Hence, the least amount of acid
which really acts as a hydrolyzing substance when added to hexameth¬
ylenamin will cause the reaction to go toward the formaldehyd end, and
this has been shown very well by those who have used weak acids,
such as 0.2 per cent, hydrochloric acid (Hanzlik and Collins6), dilute
sodium acid phosphate and beta-oxybutyric acid (Smith11). In this
present work 1 c.c. of a tenth-normal hydrochloric acid solution has
been used and good tests for formaldehyd have been obtained. It has
also been repeatedly shown that a neutral solution of hexamethylen¬
amin itself, on being boiled or incubated, will break down into formal¬
dehyd. This is undoubtedly due to the hydrolyzing action of the water.
On the other hand, Hinman7 and Hanzlik and Collins6 have shown that
alkalies added to hexamethylenamin prevent its decomposition. In
testing out the bactericidal action of hexamethylenamin, as will be
shown later, its decomposition could always be prevented by the addi¬
tion of enough ammonium hydroxid to give it a concentration of
1:40,000. After incubating this solution, tests for formaldehyd were

always negative. As a still further proof that formaldehyd is never

present free in alkaline mediums after the administration of hexameth¬
ylenamin, may be mentioned the fact that it is never found in the
alkaline fluids of the body. In the face of the foregoing facts it is diffi¬
cult to explain the action of hexamethylenamin, or rather its derivative
formaldehyd, in any but acid mediums.

There is, however, another phase to the question which must not be
overlooked and which has not been dwelt on sufficiently. It has been
known that both hexamethylenamin and formaldehyd combine with
other substances found in the various fluids of the body. Nicolaier15
mentions the fact that hexamethylenamin unites with uric acid to form

12. Vindevogel: Ann. soc. Roy. d. sc. med. Bruxelles, 1902, li, 20.
13. Rech\l=e'\: Inaug. Dissert., Breslau, 1902.
14. Jenness : Burnam's Test for Formaldehyd in the Urine, Jour. Am. Med.

Assn., 1913, lx, 662.
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732 THE ARCHIVES OF INTERNAL MEDICINE

a very soluble diformaldehyd uric acid. Citron5 has stated that the
bactericidal or inhibitory action is not due to formaldehyd, but to a

sodium compound of it. Kobert16 says that hexamethylenamin breaks
down into ammonia and formaldehyd and forms with insoluble urates,
soluble salts of formaldehyd uric acid. Hammarsten17 and Cammidge4
both state that when formaldehyd is added to urea a combination takes
place. The reaction between formaldehyd and albumin is well known
in the use of formaldehyd as a hardening substance. Schwarz18 has
shown that formaldehyd in combination with albumin forms methylene-
albuminate combinations. Therefore, the question arises whether the
favorable results obtained in some mediums, especially alkaline
mediums, are not due to some of these compounds of hexamethylen¬
amin or formaldehyd which may be inhibitory or bactericidal. Such
combinations would mask the tests for free formaldehyd. There is
still the possibility that fluids which are normally alkaline, in path¬
ological conditions may become just acid enough to liberate free for¬
maldehyd, which immediately combines with the increased amount of
albumin present forming a new compound in itself, also either inhibi¬
tory or bactericidal. The ammonia liberated from the hexamethylen¬
amin at the same time that the formaldehyd is formed, would neutralize
the acid present and the fluid would remain neutral or alkaline. This
would be one theory to explain the beneficial action of hexamethylen¬
amin in some cases of meningitis in which the organisms present are

acid-producing organisms. It would be of interest to study the bac¬
tericidal actions of some of these compounds of hexamethylenamin or

formaldehyd.
There is hardly a secretion or fluid in the body in which hexameth¬

ylenamin after administration is not found. It can always be demon¬
strated in urines of those using the drug, in the saliva (Hanzlik,10
Crowe,3 Burnham20), in the middle ear and nasal sinuses (Barton,21
Leibecke22), in the bronchi (Heitmueller,23 Leibecke22) ; in the aqueous
and vitreous humors of the eye (Whitman,24 Hanzlik and Collins6), in

15. Nicolaier: Arch. f. klin. Med., 1904, lxxxi, 181.
16. Kobert: Lehrbuch der Intoxicationen, 1906, ii, 1116.
17. Hammarsten: Text-Book of Physiol. Chem., 1908, p. 556.
18. Schwarz : Ztschr. f. physiol. Chem., 1900, xxxi, 36.
19. Hanzlik: The Excretion of Hexamethylenamin in the Saliva, Jour. Am.

Med. Assn., 1910, liv, 1940.
20. Burnham: An Experimental Investigation of the Value of Hexamethyl-

enamin and Allied Compounds, The Archives Int. Med., 1912, x, 324.
21. Barton: Bost. Med. and Surg. Jour., 1910, clxii, 896.
22. Liebecke: Berl. klin. Wchnschr., 1913, 1, 1698.
23. Heitmueller : Excretion of Hexamethylenamin, Jour. Am. Med. Assn.,

1910, liv, 1223.
24. Whitman: Jour. Ophth., 1912, xli, 604.
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tears (Gradle25) ; in synovial fluids (Crowe,3 Hanzlik and Collins6) ; in
pleural fluids (Hanzlik and Collins,6 Shattuck26) ; in pericardial fluids
(Hanzlik and Collins6) ; in peritoneal fluids (Leibecke22) ; in pancreatic
juice (Crowe3) ; in bile (Crowe,3 Burnham20) ; in milk (Leibecke,22
Crowe,3 Hanzlik and Collins,6 Rieder,27 Buchura,28 Schmidt and
Schröter29) ; in eruptions on the body (Sachs30) ; in lochia (Hanzlik
and Collins6) ; in cerebrospinal fluids (Burnham,20 Crowe,3 Flexner
and Clarke,31 Hald,32 Hanzlik and Collins,6 Ibraham,33 Leibecke22),
and in blood-serum (Hald,32 Vindevogel12).

In this hospital some indications for the use of hexamethylenamin
have been :

1. As an antiseptic in infections of the genito-urinary tract such as

pyelitis, cystitis, pyonephrosis and infections following calculi.
2. As a prophylactic preceding catheterizations.
3. As a urinary antiseptic in typhoid fever.
In this work the investigations have been confined to the examina¬

tion of urines in those cases mentioned above. The urines in all cases
have been examined for the presence of hexamethylenamin, formal¬
dehyd, and for the amount of acidity. The use of the Rimini34 test
by Burnham20 afforded an easy method for the recognition of formal¬
dehyd and at the same time the results obtained could be used in com¬

parison with those of others. The test consists of the use of three
solutions :

1. Phenylhydrazin hydrochlorid, a 0.5 per cent, aqueous solution,
3 drops.

2. Sodium nitroprussid, a 5 per cent, solution, 3 drops.
3. Sodium hydroxid, saturated solution, 2 or 3 drops.
These solutions are added to from 5 to 10 c.c. of urine. In com¬

paring the colors obtained with solutions of formaldehyd of known
concentrations the results agree with Smith,11 who found that in solu¬
tions of 1: 10,000 or stronger, a blue color is obtained, 1: 15,000 to
1:25,000 a greenish black, and weaker solutions, an intense green.

The acidity was determined by litmus paper and by titrating 10 c.c.

of urine with tenth-normal sodium hydroxid solution using phenol-
25. Gradle: Ophth. Rec., 1911, xx, 110.
26. Shattuck: Boston Med. and Surg. Jour., 1911, clxiv, 842.
27. Rieder: Monatschr. f. Kinderheilk., 1912, xi, 80.
28. Bucura: Ztschr. f. exper. Path. u. Therap., 1907, iv, 398.
29. Schmidt and Schroter : Zentralbl. f. d. Physiol. u. Path. d. Stoffwechsel.,

v, 129.
30. Sachs: Wien. klin. Wchnschr., 1912, xxv, 153.
31. Flexner and Clark: Experimental Poliomyelitis in Monkeys, Jour. Am.

Med. Assn., 1911, lvi, 585.
32. Hald: Arch. f. exper. Path. u. Pharmakol., 1911, lxiv, 329.
33. Ibraham: Med. Klin., 1910, xxxvi, 1893.
34. Rimini: Ann. di Farmacol., 1897, xvii, 97.
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734 THE ARCHIVES OF INTERNAL MEDICINE

phthalein as an indicator. The litmus paper did not always agree with
the acidity shown to phenolphthalein, especially when the titration
required from 0.3 to 0.6 c.c. of tenth-normal sodium hydroxid solution.
In these cases the litmus was either neutral or faintly alkaline. The
acidity of the urines expressed in terms of 100 c.c. of urine ranged
from 3 to 144. It was found that the acidity of the urines obtained
within eight hours following an operation was usually high, from 50
to 80, one, 195, a few as low as from 30 to 40. It was also found
that catheterized urines from patients not operated on ranged between
60 and 70. The average urine required from 3 to 3.5 c.c. of tenth-
normal sodium hydroxid to neutralize 10 c.c. of urine. This agrees
with Hinman,7 who found the average to be 3.1 c.c.

The urines from 91 patients were examined. The greater number
of these patients received 7 gm. of hexamethylenamin three times a

day. Most of the urines were examined twice and some of them as

many as six times. About 250 urines were examined. The 91 cases

may be divided as follows: surgical 42, medical 32, genito-urinary 17.
The urines of all of the 91 patients gave a test for formaldehyd varying
from 1:20,000 to 1: 5,000. The urines from 72 patients showed the
presence of formaldehyd in the strength of 1: 10,000. These results
agree with those of Smith,11 Talbot and Sisson,10 Hanzlik and Collins,0
Hinman,7 all of whom found formaldehyd in over 97 per cent, of acid
urines in patients using hexamethylenamin. Burnham,20 L'Espérance,35
Jenness14 found formaldehyd in about 50 per cent, of their cases. In
explanation of this fact Burnham proposed the theory that there is a

selective action on the part of renal cells toward the breaking down
of hexamethylenamin. Hinman7 has disproved this by catheterizing
the ureters of 23 patients, testing these urines and also the urines
obtained at the same time from the bladders. Only 5 ureteral urines
showed formaldehyd. Of the bladder urines only 3 failed to show
formaldehyd. Somewhat similar results were found in 3 of the 91
cases reported in this paper. In these the ureteral urines were negative
for formaldehyd, whereas the urines from the bladder showed its
presence. In those cases in which formaldehyd is liberated in the
kidneys it is probably due to the higher than normal acidity of the
urine in the kidneys. These are undoubtedly the cases that develop a

hematuria or albuminuria. It may be concluded, therefore, that in
almost all cases hexamethylenamin is excreted into the bladder unal¬
tered and then, under the influence of the acid in the urine and the
warmth of the body, is broken down into formaldehyd.

35. L'Esperance: Bost. Med. and Surg. Jour., 1912, clxvii, 577.
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The laboratory records of 100 urines, catheterized under aseptic
conditions, show that the following organisms had been isolated :

Bacilluscoli. 64
B. pyocyaneus. 11
B. proteus. 4
B. paratyphosus. 1
 . typhosus. 1
 . mucosus capsulatus group. 2
Staphylococcus aureus. 8
5. citreus. 1
S. pyogenes. 6
B. fecalis alkaligenes. 2

Total. 100

These were recovered in the following cases :

Pyelitis. 59
Pyonephrosis. 12
Neprolithiasis. 7
Cystitis. 10
Miscellaneous. 12

In this series of cases the colon bacillus was the most common

invader of the urinary tract, occurring in 64 per cent, of the cases.

To be of real therapeutic value, the hexamethylenamin or its deriva¬
tive would have to be excreted in a concentration strong enough to be
either inhibitory or bactericidal. Considerable work has been done on

the antiseptic value of hexamethylenamin and formaldehyd. Stern36
mentions patients with cystitis and pyelitis who had received hexameth-
ylenmain for a long time and from whose urines he had isolated either
the Bacillus coli, the B. lactis aerogenes, B. pyocyaneus, or the Staphyl¬
ococcus aureus. Richardson37 was one of the first to show that the
B. typhosus disappeared very quickly from the urine of typhoid
patients. Hortcn-Smith38 and Biss39 also found this to be true.

Experiments have been carried on in which the urines of patient::
who had received large doses of hexamethylenamin were inoculated
with different organisms. Forcart40 inoculated these urines with
B. coli,  . typhosus,  . proteus,  . pyocyaneus, streptococcus, Staphyl¬
ococcus albus and 5". aureus. These were incubated for five days. Ht
found that the colon bacillus was the most resistant.

Others have tested the inhibitory or bactericidal power of solutions
of hexamethylenamin. The solutions have been added to cultures or

emulsions of bacteria and incubated, or the solutions have been inocu¬
lated and incubated. It must be borne in mind that hexamethylenamin
by itself when incubated or warmed gently will liberate a small amount

36. Stern: M\l=u"\nchen.med. Wchnschr., 1910, lvii, 2273.
37. Richardson: Jour. Exper. Med., 1899, iv, 14.
38. Horton-Smith : Brit. Med. Jour., 1900, Pt. 1, 827.
39. Biss : Edinburgh Med. Jour., 1902, New Series, xii, 337.
40. Forcart: Med. Klin., 1908, iv, 335.
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of formaldehyd and in those experiments in which weaker concentra¬
tions of hexamethylenamin were inhibitory or bactericidal it may have
been this small amount of formaldehyd that produced the effect. The
decomposition of hexamethylenamin, as has already been stated, may
be prevented by the smallest amount of alkali.

Keuthe41 states that 1: 10,000 solution of hexamethylenamin
inhibits the growth of B. typhosus while it requires a 1: 3,000 solution
to inhibit the B. coli. No mention is made of the possible action of
formaldehyd which may have been liberated. Müller42 dissolved hexa¬
methylenamin in bouillon in the concentration of 1: 1,000, and inocu¬
lated this with B. coli,  . typhosus, Staphylococcus aureus or B.
pyocyaneus. These were incubated and there was no inhibition of
growth. Ascitic fluid which was inoculated with B. coli was also
treated with a 1 per cent, solution of hexamethylenamin and incubated.
There was no inhibition at the end of forty-eight hours. Goetzl and
Salus43 found a 5 per cent, solution bactericidal fori?, typhosus, B. coli,
 . proteus and staphylococci. Cammidge,4 on the other hand, found
that although a 7.5 per cent, solution killed completely the typhoid
bacillus that the same solution only inhibited the growth of B. coli and
Staphylococcus aureus. Results are different when an alkali is first
added to a solution of hexamethylenamin to prevent its decomposition
into formaldehyd and then this solution is inoculated and incubated.
Burnham20 inoculated 5 per cent, and 10 per cent, solutions of hexa¬
methylenamin containing a slight amount of ammonium hydroxid with
B. coli,  . typhosus,  . pyocyaneus, streptococcus and Staphylococcus
aureus. These were incubated and all of the organisms survived.
Hanzlik and Collins6 inoculated agar mediums containing sodium car¬

bonate or ammonium hydroxid and hexamethylenamin with bacteria
and found that it was not bactericidal. Agar mediums containing
hexamethylenamin and no alkali showed no growth when the concen¬

tration of the hexamethylenamin was 1: 50 or 1: 100. In weaker con¬

centration there was growth.
The action of a 10 per cent, solution of hexamethylenamin was tried

here on various organisms. To some of these solutions ammonium
hydroxid was added so that there was a concentration of 1:40,000 of
ammonium hydroxid. To others no ammonium hydroxid was added.
For a control, sterile saline containing 1: 40,000 ammonium hydroxid
was used. All of the solutions were inoculated with equal amounts of
a twenty-four-hour culture of one of the following bacteria : B.

41. Keuthe: Inaug. Diss., Heidelberg, 1902; quoted in Centralbl. f. Bakteriol.,
1902, xxxii, 379.

42. Muller : Deutsch. Aerzte. Ztschr., 1903, viii; quoted in Centralbl. f.
Bakteriol., 1902, xxxiii, 808.

43. Gotzl and Salus : Ztschr. f. klin. Med., 1902, xlv, 427.
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typhosus,  . coli,  . paratyphosus,  . acidi lacti,  . lactus aerogenes,
 . pyocyaneus, streptococcus and Staphylococcus aureus. These were
incubated for twenty-four hours at 37 C. (98.6 F.) and a subculture
taken. The results are given in Tables 1, 2 and 3.

TABLE 1.—Action of Ten Per Cent. Hexamethylenamin with No
Ammonium Hydroxid on Growth of Organisms *

Reaction Formaldehyd Bacteria

Staphylococcus aureus.
Bacillus typhosus.
B. coli.
 . paratyphosus.
 . acidi lactis.
 . lactis aerogenes.
 . pyocyaneus.
Streptococcus pyogencs.
Control Hexamethylenamin....
Control Hexamethylenamin

+ NH3.

 
V. F.  .
V. F.  .

 
 
 
 
 
 

S.  .

1:20,000
V. F.
V. F.

1: 10,000
1: 10,000

None
V. F.
V. F.
V. F.

V. F.

Growth
Growth
Growth

No Growth
No Growth

Growth
Growth
Growth

* In this and the following tables,  = neutral ; V. F. = very faint ;
F. V. A. = very faintly alkaline; S. A. = slightly alkaline.

It will be seen from the tables that incubating has effected a hydro¬
lysis of those solutions of hexamethylenamin to which no ammonium
hydroxid had been added. It may also be seen that the growth of only
two of the organisms was inhibited by the small amount of formal¬
dehyd liberated. This inhibition was present at the end of twenty-four
TABLE 2.—Action of Ten Per Cent. Hexamethylenamin, Containing

1:40,000 Ammonium Hydroxid on Growth of Organisms

Staphylococcus aureus .

Bacillus typhosus.
B. coli.
 . paratyphosus.
 . acidi lactis.
 . lactis aerogenes
 . pyocyaneus.
Streptococcus pyogencs

Reaction

S. A.
S. A.
S. A.
S. A.
S. A.
S. A.
S. A.
S. A.

Formaldehyd

0
0
0

V. F.
V. F.

0
0
0

Bacteria

Growth
Growth
Growth
Growth
Growth
Growth
Growth
Growth

hours. There was growth at the end of forty-eight hours. Similar
experiments were carried on with bouillon containing 10 per cent, of
hexamethylenamin and inoculated with B. typhosus or B. paratyphosus.
Subcultures taken after twenty-four hours' incubation showed growth
in all.
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It may readily be seen that hexamethylenamin per se even up to a

10 per cent, solution has neither bactericidal nor marked inhibitory
properties. Since hexamethylenamin is never present in the urine in
concentrations as great as 10 per cent, it must be concluded that when
an inhibitory or bactericidal action is shown in the urine it cannot be
due to the hexamethylenamin.
TABLE 3.—Action of Saline Containing 1:40,000 Ammonium Hydroxid

on Growth of Organisms

Staphylococcus aureus ..

.Bacillus typhosus.
B. coli.
B. paratyphosus.
 . acidi lactis.
 . lactis aerogenes .
 . pyocyaneus.
Streptococcus pyocyaneus

Bacteria

Growth
Growth
Growth
Growth
Growth
Growth
Growth
Growth

From the work of Burnham,20 Hess,44 Kolle and Wassermann,45
Kendall and Edwards,46 Hanzlik and Collins,6 Hinman,7 Table 4 may
be deduced.

TABLE 4.—Concentrations of Hexamethlenamin Required to Inhibit
Growth and to Kill, Respectively, in Twenty-Four Hours

Bacillus typhosus.
B. coli.
 . pyocyaneus

.Streptococcus.
Staphylococcus aureus

To Inhibit To Kill
15,000
7,000
7,000
5,000
5,000

5,000
1,000
1,000
1,000
1,000

Formaldehyd to be of value must be liberated in strengths varying
from 1: 15,000 to 1: 5,000, depending on the organism the growth of
which is to be inhibited. To be of bactericidal value it must be
liberated in strengths from 1: 5,000 to 1: 1,000, also depending on the
organism. There is no simple chemical test for determining the exact
amount of formaldehyd in urine. An approximate estimation may be
made by diluting the urine with water in various proportions and
testing these different proportions according to the Rimini method.
By such a method formaldehyd was never demonstrated in a concen¬

tration greater than 1: 5,000. Hence it is reasonable to assume that
formaldehyd is probably never present in urine in solution strong

44. Hess: Quoted by Borner, Centralbl. f. Bakteriol., Orig., 1910, liii, 415.
45. Kolle and Wassermann: Handbuch. der pathogene Mikroorgamismen,

ii, 387; iii, 115.
46. Kendall and Edwards: Jour. Infect. Dis., 1911, viii, 250.
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enough to destroy any organism except the B. typhosus. It may, how¬
ever, have an inhibitory action on other organisms.

The acidity factor must also be considered. There is still some

question as to whether or not there is a relationship existing between
the amount of acid present and the amount of formaldehyd liberated.
It has been shown by several that formaldehyd may be liberated by the
smallest amount of free acid. Jordan8 states that the percentage of
formaldehyd, and with it the antiseptic power, increases with the
acidity until the acidity has reached slightly above normal. He also

TABLE 5.—Acidity of Urine, Amount of Formaldehyd Liberated and Resulting
Action on Bacteria

hrs.

Patient A—
After Voiding

Minutes.
Hours.

After Inoculation,
Patient B—

After Voiding
Minutes.
Hours.

After Inoculation, hrs.
Patient C—

After Voiding
Minutes.
Hours.

After Inoculation, hrs.
Patient D—

After Voiding
Minutes.
Hours.

After Inoculation, hrs.
Patient E—

After Voiding
Minutes.
Hours.

Time
Examined

I
Acidity

30
24
24

30
24
24

30
24
24

30
24

30
24

64
51
38

68
62
62

62
60
50

10
Alkaline

28
10

Formaldehyd

1: 5,000
1: 5,000
1: 10,000

1: 5,000
1: 10,000
1: 10,000

1: 10.000
1: 10,000
1: 10.000

1 :20,000
1:25,000

1:20,000
1:20,000

Bacteria

Sterile
Sterile
Growth

Sterile
Sterile
Growth

Sterile
Sterile
Sterile

B. coli

 . coli;
S. albus

states that when it reaches this point the urine remains sterile. To
determine if there is any relation existing between the acidity, the
amount of formaldehyd liberated and the resulting action of the two
on bacteria the following experiments were conducted :

Patients who had been given hexamethylenamin over a period of
time were catheterized as aseptically as possible. The acidity and
amount of formaldehyd was determined soon after voiding, and again
twenty-four hours after the urine had been incubated. Cultures of
these urines were taken and those which were found sterile were inocu¬
lated with cultures of B. coli. These were incubated again for twenty-
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740 THE ARCHIVES OF INTERNAL MEDICINE

four hours, and the acidity, amount of formaldehyd determined and
subcultures taken. The results are given in Table 5.·

In the two cases in which the acidity is low, that is, 10 and 28, the
strength of formaldehyd found is less than in the urines of higher
acidity. In these two cases the urines were collected through perma¬
nent catheters and the continuous flow probably accounts for the lower
acidity. In three other urines in which the acidity was greater than
normal the growth of the colon bacillus was only inhibited in one. The
formaldehyd in this case had a concentration of 1: 10,000. It may be
concluded, therefore, that there is a relationship between the amount
of acid present and the amount of formaldehyd found, and that in
urines whose acidity is much higher than normal the combination of
the increased acid and the formaldehyd may either inhibit or prevent
the growth of bacteria other than the B. typhosus.

TABLE 6.- -Effect of Increasing Acidity of Normal Sterile Urine
After Twenty-Four Hours

Acidity Formaldehyd Culture

1.—Normal urine.
?..—Normal urine, B. coli.
3.—10 c.c. normal urine, 7.5 per

cent, hexamethylenamin..
4.—10 c.c. normal urine, 7.5 per

cent, hexamethylenamin,
B.coli.

5.—10 c.c. normal urine, acidity
increased to 55, 7.5 per
cent, hexamethylenamin,
B. coli.

6.—10 c.c. normal urine. Acid¬
ity increased to 80, 7.5 per
cent, hexamethylenamin,
B. coli.

.7.—7.5 per cent, hexamethylen¬
amin, B. coli.

21

20

27

Neutral

1: 20,000

1:20,000

1: 10,000

1: 10,000
Negative

Growth

Growth

Growth

No Growth

Growth

The effect of increasing the acidity was attempted in another way.
Normal sterile urine of known acidity was used and the experiments
shown in Table 6 tried. The acidity of this urine was 26. The amount
of acidity was increased by adding tenth-normal hydrochloric acid.

Growth was inhibited in a urine with an initial acidity of 80 and a

final formaldehyd strength of 1: 10,000.
The acidity of urines of patients who had been using hexameth¬

ylenamin for some time was increased by the addition of a calculated
amount of tenth-normal solution of hydrochloric acid. These were

inoculated with the colon bacillus and incubated. The acidity in both
cases was made up to 60.
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In these two cases an acidity of 60 and a final formaldehyd strength
of 1: 10,000 was inhibitory. In these cases in which hydrochloric acid
was added and growth was inhibited it must be borne in mind that the
kind of acid used might also have been an important factor in causing
the inhibition of growth. This is a reasonable assumption when we

consider that a solution of formaldehyd of a concentration of 1: 10,000
is not strong enough by itself to inhibit the growth of B. coli. It would,
therefore, seem that the ideal method of treatment would be to increase
the acidity of the urine to at least twice the normal by appropriate
means at the same time that the hexamethylenamin is given. The only
acid or acid salt that seems best adapted to this purpose is acid sodium
phosphate. This, if pushed too hard, has its complications, the most
common being diarrhea. It must also be borne in mind that the urinary
tract is not a test-tube, and, whereas there are no dangers of destruc-

TABLE 7.- -Effect of Increasing Acidity of Patients Who Had Used Hexamethyl¬
enamin for Some Time

Patient F.
After Voiding
After Inoculation

Patient G.
After Voiding .. .

After Inoculation

Time
Examined

Immediately
24 hours
24 hours

Immediately
24 hours

24 hours

Acidity

46
44
42

52
47

40

Formaldehyd

1 : 10,000
1 : 10,000
1: 10,000
1: 20,000
1: 10,000

10,000

Bacteria

No growth

No growth

tion to tissue in a highly acid urine when the experiments are conducted
in a test-tube, there may be considerable injury done when the experi¬
ment is carried on through the kidney. This is especially true when
the formaldehyd is liberated in the kidney tubules or pelvis through
the action of a highly acid urine. The large number of recorded cases

of hematuria and albuminuria is a proof of this fact.

SUMMARY

1. Plexamethylenamin, per se, in neutral solutions in concentrations
up to 1: 10 is neither inhibitory nor bactericidal.

2. Hexamethylenamin when given in doses of 7.5 grains three times
a day is broken down into formaldehyd in all acid urines.

3. Formaldehyd is formed in the bladder in all cases except in those
in which the acidity of the urine is higher than normal. In these cases

some formaldehyd is formed in the kidneys.
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4. The common invader of the urinary tract is the colon bacillus
and the strength of formaldehyd necessary to inhibit its growth is a

concentration of 1: 5,000 or greater.
5. By testing different dilutions of urine it has been found that with

a dose of 7 grains of hexamethylenamin three times a day, formal¬
dehyd is never present in concentrations greater than 1: 5,000.

6. The only organism which is destroyed or whose growth is
inhibited by this concentration is the typhoid bacillus.

7. For the destruction or inhibition of growth of organisms other
than the typhoid bacillus a high acidity is necessary. This high acidity
in combination with the formaldehyd may produce injury to the kidney
tissue.

8. Hexamethylenamin appears most efficacious as a prophylactic
during the course of typhoid fever for the prevention of a pyelitis or

cystitis. Its use in this connection has been demonstrated successfully
both clinically and bacteriologically.
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